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In the pr田entstudy, the author examined with electron microscope the ultra-structural 
details of changes in nerve cels due to head injury, which had roughly been known light 
microscopically. As a control experiment, anoxic changes were compared with traumatic 
changes. 
恥1ATERIALAND恥1ETHOD
Adult伺 ts,weighing 2.0 to 5.0kg were used. PURKINJE cels of the cerebellum 
were subjected to study, since they seemed the most suitable for electron microscopic study 
because of their regular distribution. Experimental animals were divided into five groups. 
1) Group 1 : A single air-pulse by an air-gun was given in vertical direction to 
the dura mater directly through a small trephine hole just under external occipital protu-
berance. 
2) Group 2 : An air-pulse was given in the same manner as in group 1 through 
a small trephine hole in the parietal region on one side. 
3) Group 3 : A small craniectomy (1.5×1.5cm) with its center at external occi-
pi匂lprotuberance was made and the overlying scalp flap was replaced. Air-pulses were 
delivered directly over the scalp covering the bone defect five times successively. 
4) Group 4 : A tracheotomy was performed, and 0.5mg/kg of succin was given 
intravenously. After the suspension of respiration for 1 to 6 minutes, positive-pr田sure
・artificialr白pirationwas carried out through an intratracheal cannula. 
5) Group 5 : A) A head injury was given in the same manner as in group 2 with同
out artificial respiration. B) The same as in group 2 with artificial respiration. 
Clinical findings following the trauma are shown in table 1. Animals were observed 
from half an hour to 40 days after trauma in groups 1～3, and 24 hours in groups 4 
and 5. 
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Specimens were fixed for 2 hours in 2 per cent osmium tetroxide (pH 7.2) buffered 
with phosphate buffer. After fixation, the specimens were dehydrated in ethyl alcohol 
and embedded in 7 : 3 mixture of n-butyl and methyl methacrylate or 1 : 1 mixture of 
epon 112 and epon 115. Schimadzu microtom was used for ultra-thin sectioning. 
Electron microscopes used were Akashi TRS・50and Hitachi HS・6model. 
RESULTS AND DISCUSSION 
1) Normal picture of PURKINJE CELLS (Figs. 1, 2): 
Nissl body which was composed of ergastoplasmic-membranous sacs and associated 
finely granular components had a characteristic appearance in the cytoplasm. Golgi apparatus 
consisted of paired lamellar membranes, clusters of small vesicles and large vacuol白・ Mi-
tochondria containing either transversely or longitudinally oriented cristae and dense bodies 
which seemed to be lysosome were scattered throughout the cytoplasm. Neurofilaments 
were scarce in peril王aryon,but were abundant in the initial portions of axon and dendrite 
(Figs. 3, 4). Nucleus encircled with double nuclear membran白 containeddispersed or 
occasionally conglomerated chromatin particles and one prominent dark nucleolus. 
2) Alterations in group 1 and group 3. 
A) Macroscopic findings : A few petechial haemorrhag田 andslight subdural hema-
tomas were sometimes seen. 
B) Electron microscopic findings : The severity and course of alterations of injured 
nerve cels were almost similar in these two groups. Changes were noticed within 1 hour 
after injury, and reached the maximum about 2 days later. Enlargement of cysternae of 
ergastoplasm with decr回 sein number of ribonucleoprotein particles were app紅 entin al 
cels, and the number of Nissl bodies decreased conspicuously in animals which had sur-
vived more than 24 hours after injury. 
Mitochondria swelled up at first, and then showed decrease in density of ma甘ix,dis-
orientation of cristae and vacuolation in them. In the final stage, some of mitochondria 
disap戸aredcompletely. 
Golgi membranes were dilated and Golgi vesicles and vacuoles were extended 2 hours 
after injury. When the three components of Golgi apparatus were dilated or extended, it 
was difficult to differentiate them from extended reticulum of Nissl bodies which had lost 
their RNA-granules (Fig. 8). 
Dense加dybeαme more electron-dense (Fig. 7), and a few dense bodies fused into 
one large irregular dense body (Figs. 10, 14). 
Neurofilaments almost disappeared after 24 hours (Fig. 8). Nuclear materials were 
clumped together in mass白 orparticles in irregular distribution throughout nucleus (Fig. 
7) or in attachment with nuclear membrane (Fig. 21). Nuclear membranes showed in-
dentation, infolding and dilatation (Figs. 11, 21). Nucleolus was variable in location, and 
sometimes enlarged (Fig. 23). 
About 4 days later, injured nerve cels began to regenerate, and al cytoplasmic or-
ganelles recovered gradually. In this stage, some evide悶 S叫 ge町 dthat Niss! bodies and 
mitochondria budded off from nuclear membranes (Figs. 12. 16), but some others showed 
that Nissl bo<li田 andmitochondria developed possibly by division. 30～40 days after injury, 
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most of PURKINJE cels were nearly normal in appearance, but in some cels, slight 
changes were stil recognizable (Figs. 18, 19). 
3) Alt~rations in group 2 : 
A) Macroscopic findings : In few cases, small subdural hematomas were present in 
the shot region, but no abnormality was seen in the cerebellum. 
B) Electron microscopic findings : The type and course of degeneration and rege-
neration in this group were similar to those in the former two groups, but mitochondrial 
changes in this group were slight, and sometimes mitochondria with denser matrix were 
present (Fig. 22) . 
4 days after injury, signs of recovery were seen in this group (Fig. 23) and 14 days 
later, gr回terparts of nerve cells showed the normal picture (Fig. 25). 
Contrary to those reversible alterations, there were cells of overall high density (pyk-
notic change) (Fig. 5) or cels with wateηr cytoplasm (Figs. 28, 29) in early stages. 
These changes were supposed to be irreversible and these cels seemed to have undergone 
lysis or destruction. However, in this study, it was impossible to decide definitely by ele-
ctron microscopy whether these alterations were irreversible or not. 
4) Alterations in group 4 . In animals with apn侃 afor 1 minute, no special changes 
were observed. Changes in nerve cells following apn促 afor more than 2 minutes were 
similar to those of head injury (Figs. 26, 27) . Therefore, alterations after head injury 
may be due partly to apn田aif it lasts for more than 2 minutes. 
5) Alterations in group 5 : Group A and B did not exhibit obvious difference, be-
回 useapnoea in al experimental animals of these groups was within 1 minute. 
CONCLUSION 
1) After head injury, al cytoplasmic organelles of PURKINJE cels were degene-
rated, but most alterations were of reversible nature. 
2) In cerebral concussion in which no abnormality was found macrosccpically and 
light microscopicaly, changes of the similar nature to those of contusion were observed. 
However, recovery occurred sooner than that of contusion. 
3) It was impossible to decide definitely under electron microscope whether the alte-
rations were irreversible or not. 
4) It was supposed that apnoea at the time of head injury seemed to be a supple-







































nembutal (0.5cc/kg）による深麻酔のみの場合p c) 
nembntal麻酔下無菌的に後頭結節下に試験関頭を行
った場合の 3群を夫々24時間飼育しP 夫々の Purkinje
細胞を対比したが，何等相違は認められなかった．































10分ずつ， 100%は30分間2聞を行いp methacrylate 
(n-butyl methyl methacrylate = 7 : 3）に包埋しP 一
部は内田の方法に従いp epon ( epon815 : epon8 ! 2 = 
I : I）包埋を行った．超薄切片作成には Shimadzu




























on, dendriteへの移行部で急に多くなりp 夫ぞの neu-

























Table J. Clinical findings after the head 
injuries in experimental animals 
I IUnreso「 Sー＇ I I Survival 
Group I Total y間関~·~ i Apn制 jDeathI R批
1 4. 55% 
2 37 36 34 7(5) 81.1% 
3 11 6 11 1 (1) 90.9% 
5己Biーと，I 3 100% 3 100% 




















































A) 3例を用い， ether麻酔下p 第4ij平と問機に人
工呼吸器に接続して後，第2群と同一条件にて外傷を
与え，同時に，第4群の条件で人工呼吸を行った. 3 



































































た5例中 1例p 生存例の l例に小さい硬膜下血騒を認
めた以外に大脳実質に肉眼的変化は認めずp 小脳実質
には勿論何等肉眼的変化は認めなかった．
b) 電顕的所見： 30分， 1時間後のものにはp 何等
変化は認められなかった（Fig.20). 2時間後には膜
系の関大p 頼粒の減少p den虫 bodyの変化が現われ始
める.24時間後には第 1群と良く似た変化が現われる











しP 回復は第 1群よりやや早かった．本群は metha-
cry late包埋と epon包理を対比したが，両者の細胞内
構造は同様の変化の過程を示した（Fig.9, Fig. 13). 
本群は30日後に尚お軽度の変化を残すものを認めた













a; 肉眼的所見： A群の 1例に於いて空撃局所に小
血種を認めた以外には肉眼的変化は認められなかっ
fご．





Cajal, Minkowski, Windle, Groat and Fox, Rand and 































































第2群に於ては， I 週間後には殆んど回復し， 2週間
後には完全に回復した．
Golgi apparatusはNii田lbodyの変化と前後してCo-











な所見は得られずp D四neand Dempsy, Montagna, 










走行異常p短λj、化， Rosenbluth等の multivesicularbody 
機の構造（Fig.6. Fig. 21），を 示すものが現われ，
更には空泡化， m山 mt"mbrar肥の破壊が起り， mito-
chondriaは全体として次第に数が減少する．これらの
変化はV凶， Smith,Barton，本陣等の未精神経切断後．
















plasmic reticulumを originとするものF 2) Hrn1iler, 
Roth, Karasaki 等の microbodyを originとするもの，
3) Wah!farth-BottPrmann等のsmallcytoplasmic vesicle 
をoriginとするもの， 4)CauSt"y, Hoffmann, Steinert 
等の核膜を originとするもの等諸説がありHartmann,






とかp 後膜の偶然の膨出像と云う よりp mitochondria 
が核膜より新生されつつあるものと考えたい像であ





dense bodyはその大き さp 表面の性状， 電子密度ーよ
りlyS<)SOmeと考えられる. 1959年deDuveが脳にly田－
someの存在を暗示して以来，種々の部位に発見され，
Becker and Barron，教室鈴木も光顕でhighacid phos-
phata詑 activityのorganellaをPurkinje細胞に多数認
めて居払更に小川｜はこれを電顕的に同定Lて居る．
これはおn詑 inclusionbody, microbody, 脂質頼粒等
と呼ばれて居・るがp unit membraneを持ち， acidphos-










ly回目meの減少を指摘して属り， Becker and Barron 
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Fig. 1 : Normal PURKINJE cel. x 6,000 
Fig. 2 ・ Normal PURKINJE cel. ×16,000 
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Fig. 5 : Pyknotic change in PURKINJE cel. x 16,000 
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6 : Injured PURKINJE cel, l hour after head trauma in group l. ×16,000 
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Fig. 
Fig. 8 : Injured PURKINJE cel. 24 hours after head trauma in group J. ×16,000 
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Fig. 9 : Injured PURKINJE目 I,24 hours after 
head trauma in group 3.〔eponembedding〕×16,000 head trauma in group 1. ×16,000 
Fig. 11 : Injured PURKINJE cel, 2 days after head trauma in group J. x 16,000 
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Fig. 12 : Regenerating PURKINJE cel, 4 days 
after head trauma in group 1. New Niss! body 
bud off from nuclear membrane(arrow）.×32,000 
Fig. 13 : Regenerating PURKINJE cel, 4 days 





Fig. 18 : Regenerating PURKINJE'.cel, 30 days after head trauma in group 3. ×16,000 
Fig. 19 : Almo't normal PURKINJE cel, 40 
days after head trauma in group I. ×16,000 
Fig. 20 : Almost normal PURKINJE cel. I 
hour afterニheadtrauma in group 2. ×16.000 




Fig. 23 : ×16,000 































































Fig. 27 : Injured PURKINJE cel following apnoea for 3 minutes, 24 hours after experiment. ×16,000 
Fig. 28 : Injured PURKINJE cel, 2 days after 
head trauma in group 2.×16,000 
Fig. 29 : Injured PURKINJE cel. 2 hours after 
head trauma in group 1. ×16,000 
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'・ ~.＼証~XPLANATION OF PLATES 
NC : nucleolus 
N : nude国
NM.: nuclear membrane 
NS: Ni田lbody 
G : Golgi apparatus 
M : mitochondria 
D B : dense body 
F : neurofilament 
CM : cel membrane 
AX : axon 
MY : myelin sheath 
G P : glialprocess 
（各写真のスケールは， lμ を表す．）
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